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Discussion of "Modeling of Wind Turbines for Power System Studies"
Jacob Perahia, Member, IEEE
The paper [1] provides an overview of various models that have been presented in the literature. The conclusions are rich and comprehensive in the practical limits of the mathematical mechanical model and the electrical equivalent circuit models of the wind energy conversion system.
In the introduction, reference is made to the static power curve Cp(). A second reference to Cp() is made in Section III (A) titled wind field and aerodynamic conversion. For ease of readability, is defined to be the ratio of the speed of the blades (the product of shaft speed (!, rad/s) and radius (R, m), in this case of the circle inscribed by the three blades of the horizontal axis wind turbine) over wind speed. Also, Cp is defined to be the ratio of mechanical energy harnessed by the wind turbine and the natural energy in the wind. Betz [2] developed a theorem that Cp has a maximum value of 16/27 but in principle this may be exceeded.
References [3] and [4] complement the authors work on flicker in Section II of the paper, and [3] states a voltage flicker of approximately 0.5% at a frequency between 2 and 4 Hz is known. The source of the flicker being a ripple in the driving torque (due to wind fluctuations) and in the generated electric power.
The general procedure to investigate the response of the wind energy conversion system is the first formulate mathematical equations for each component in the system which the authors have done. However, a block diagram or a small signal flow diagram connecting all of the equations is not shown in the paper. More important, all physical systems are nonlinear to some extent and there is always a linear range which a model is valid, and such a diagram may allow the investigation of the degree or the extent of system stability. The author has mentioned, for example, that the tuning of the filter may require many simulation attempts but this should be quantified if possible.
Discussion of "Performance Evaluation of Electric Distribution Utilities Based on Data Envelopment Analysis"

Raul Sanhueza and Hugh Rudnick
We would like to congratulate the authors [1] for their contribution in the field of electricity distribution regulation. There is extensive worldwide research and application of performance benchmarking of distribution firms [2] . The authors contribute to these developments by presenting an interesting application for the data development analysis (DEA) methodology, as a basis for analysis and evaluation of the management of a group of distribution firms. The following questions arise about its application.
I. FORMULATION
The dual formulation of the DEA methodology proposed by the authors allows each decision making unit (DMU) to choose a set of weights for inputs and outputs that theoretically result in the highest efficiency. However, a more detailed knowledge of the DMU's operation may limit the values chosen. Previous knowledge of the value range of these weights can be included as constraints in the model. If this is the case, it would be interesting to know from the authors how this consideration would affect the sensitivity analysis made.
II. SELECTION OF VARIABLES
The mathematical programming approach also allows considering the possibility of having some variables beyond the control of the firms: the so-called environmental variables [3] , [4] . They are particularly relevant in electrical power distribution, where several variables can be determined by the regulator, the geography, etc. From the viewpoint of the regulator, it is important to include this type of variables, because, among others, they allow to make distinctions in the scale of operation of the firms. Therefore, it would be interesting to hear from the authors in a comprehensive manner if the inclusion of this type of variables modifies the efficiency results, when changing the comparison references to firms with more similar characteristics.
III. USEFULNESS OF EFFICIENCY STUDIES
The discussers have contributed to several studies aiming at determining the efficiency of electric distribution firms [5] - [7] and are studying with interest the DEA methodology.
A problem faced by firms and regulators that want to empirically apply the production frontier studies lies on the amount of methods [8] propose a set of consistency conditions that the efficiency measures derived from the different approaches must fulfill to become useful for regulatory authorities. These estimates must be consistent in their level of efficiency, rankings, and identification of the best and worst companies; they must be consistent in time, consistent with the conditions where the industry performs, and also consistent with other performance measures used by regulators.
Comments by the authors on these application issues will be welcome.
I. FORMULATION
In the formulation we used for DEA, the weights of inputs and outputs were allowed to vary to obtain the highest efficiency. Alternate formulation such as those based on "assurance region" or "cone-ratio" [2] restricts the range of weights for the variables. For example, in the assurance region method, the ratio of weights of two inputs can have a lower and an upper bound. In such cases, application of the sensitivity analysis, as performed in our paper, would have to be modified since removal of a variable whose weight is linked with the weight of another variable would not be possible. Hence, all of the variables, whose weights are linked with another, would have to be removed as a group.
II. SELECTION OF VARIABLES
Selection of variables in our analysis was mainly done to determine technical efficiency of the utilities. However, a different mix of inputoutput variables can easily be considered for evaluation of a different efficiency. It is difficult to say how the overall efficiencies will change with inclusion of environmental variables without actually doing the analysis. Inclusion of more variables without increasing the number of DMUs would make more DMUs efficient. As a rule of thumb, the total number of DMUs in analysis must be greater than three times the sum of input and output variables. Therefore, for a fixed number of DMUs, some other variables should be dropped if environmental variables have to be included in the analysis. Another way to handle the environmental variables is not to include them in the DEA model, but to consider them in prefiltering the DMU population, a process referred to as similarity analysis, and use only the resultant subset of DMU in the efficiency study.
III. USEFULNESS OF EFFICIENCY STUDIES
In [G], the authors found that DEA was inconsistent with three parametric approaches for efficiency evaluation of banks. The authors mention in their conclusion that they are not sure why DEA resulted in lower efficiencies compared to other approaches. Perhaps their problem formulation, which was geared toward economic efficiency evaluation, resulted in this anomaly since in their opinion DEA is more suitable for technical efficiency evaluation. The main focus of our analysis was evaluation of technical efficiency to allow the utilities to benchmark themselves with respect to peer utilities and make improvements in their operation. The results obtained by us based on DEA analysis were found to be consistent with other benchmarking approaches based on ratio and regression analysis (these results were not included in this paper due to space limitation).
Formulation of the problem from the perspective of regulatory authorities would be somewhat different and opens up avenues for further research. Also, it will be interesting to compare DEA with other parametric approaches for analysis of utilities to see if the results are consistent. Moreover, our analysis used only one year's data. Analysis based on multiyear data would be very useful.
The field of efficiency evaluation is indeed very vast. But it has not been used very much for evaluation of electric utilities. Further research and additional studies would provide a complete answer to the question posed by the discussers: Are efficiency studies empirically useful?
